Abstract: This paper presents selected results of research connected with the development of a (3D) geostatistical hydrogeochemical model of the Kłodzko Drainage Basin, dedicated to the spatial variation in the different quality parameters of underground water in the water intake area (SW part of Poland). The research covers the period 2011-2012. Spatial analyses of the variation in various quality parameters, i.e., contents of: iron, manganese, ammonium ion, nitrate ion, phosphate ion, total organic carbon, pH redox potential and temperature, were carried out on the basis of the chemical determinations of the quality parameters of underground water samples taken from the wells in the water intake area. Spatial variation in the parameters was analyzed on the basis of data obtained (November 2011) from tests of water taken from 14 existing wells with a depth ranging from 9.5 to 38.0 m b.g.l. The latest data (January 2012) were obtained (gained) from 3 new piezometers, made in other locations in the relevant area. A depth of these piezometers amounts to 9-10 m.
INTRODUCTION
The inhabitants of Kłodzko are supplied with water by a central water main drawing off water from underground intakes in Quaternary formations [2] , [6] . Water is drawn off (siphoned or pumped) via dug and drilled wells located on both sides of the Kłodzko Nysa river. Generally, the depth of the wells ranges from 9.5 m to 38.0 m. The water abstraction depth (difference between the terrain elevation and the dynamic water table level) is ranged from 276-286 m a.s.l., with an average of 282.05 m a.s.l. Dynamic water table level is contained between 6.22-16.44 m b.g.l., with a mean value of 9.64 m b.g.l.
The Quaternary formations (Pleistocene depositsthe Cracow and Central Poland glaciation period, Quaternary -Holocen formations) are deposited directly on crystalline metamorphic rocks. Boreholes have shown that the oldest formations are Old Palaeozoic greenstones or their weathering waste, underlaying the Quaternary sand-gravel deposits. Greenstones were found in the deepest boreholes, maximally to 38 m below the terrain surface, but generally their roof is deposited at 20-36 m, coming closer (6-10 m) to the surface towards the edges of the formed through. The roof forms the uneven below-Quaternary surface of the Kłodzko Nysa valley. The profile of the geological structure in the Kłodzko water intake was presented in detail in the works [4] , [6] , [12] .
The height of the Kłodzko area of underground water intake being analyzed varies in the range of 287.22-297.70 m a.s.l. with an average reaching 291.68 m a.s.l. The analyzed 22 wells are located in the terrain belonging to the Regional Board of Regional Water Management (RZGW) and Kłodzko Water Supply Systems [2] , [6] . These wells were made in the years . The subject of spatial analyses were data coming from 14 wells which were selected from the above mentioned 22 wells, and also concerning the well collecting siphon. In the water intake area, in the region of Kłodzko the 3 piezometers (P1, P2, P3) were drilled a depth up to of 9-10 m, on the land owned by to the Agricultural Real Estate Agency ANR, RZGW and WKL (Polish names), in January 2012 [2] , [6] .
Kłodzko Valley is bounded on the N Valley Ści-nawka and Bardzkie Mountains, on the S the Śnieżnik Mountains and Trench Upper Nysa, while on the Wthe Table Mountains. Geologically shows the structure channeled, the axis of which extends along the NW-SE. By Kłodzko Valley flows Glatzer Nysa, which together with its tributaries forms a dense hydrological network. There are 4 main catchments representing 4 mountain groups in this area. They are built of crystalline rocks, i.e., granite-gneiss, mica schists and crystalline limestones.
In the article geostatistical methods were used, previously applied in spatial modelling, estimating and forecasting of the phenomena emerging in 2D and 3D systems, including areas such as geology and mining, environment protection, energy and economy [5] , and also hydrogeology [6] - [14] .
The variation in different underground water quality parameters, such as iron Fe ++ , manganese Mn ++ , ammonium ion
NH content, nitrate anion
NO content, phosphate anion 3 4 PO  content, total organic carbon (TOC), pH redox potential and temperature C, in the Kłodzko water intake area (the SW part of Poland) ( Fig. 1 ) was subjected to spatial analyses, using geostatistical methods, i.e., directional semivariogram function and an ordinary (block) kriging [1] , [3] , [5] , [15] , [16] . Fig. 1a . Location catchment in the Kłodzko Valley area (SW part of Poland) [2] , [6] , [14] The selected results of modelling and estimating the Fe ++ content and the Mn ++ content in the underground water in 22 wells and in 3 piezometers and in the area considered for the years 1977-2012, as well as in the treated water and in the supply network water for the years 2007-2011 are reported in the author's previous papers published in scientific journals and conference proceedings [7] - [14] .
Spatial and space-time analyses of quality parameters of underground water were carried out for several analytical variants, taking into account data from 22 wells, i.e., 14 wells, 3 piezometers and 14 wells + 3 piezometers located in the Kłodzko water intake area [6] .
In the present study, the results of chemical analyses (covering 8 quality parameters) of underground water samples taken from 14 wells selected from the 22 wells in the Kłodzko water intake area and then from 3 new piezometers installed there and further 14 wells and 3 piezometers constituted the input for geostatistical investigations 1 . The chemical analyses were car- 1 These are selected results of research carried out as part of the National Centre for Research & Development grant No. N09-0036-10/2011, entitled "The technology of the biochemical remediation and storage of surface waters in underground hydrogeological structures for municipal water intakes in river valleys" funded by the Ministry of Science and Higher Education in War-ried out on 15.11.2011 (14 wells) and 22-23.01.2012 (3 new piezometers) and presented in [6] .
The geostatistical analyses 2 were carried out using databases containing the values of the quality parameters considered together with coordinates X, Y and Z (well depth -vertical direction of study).
The variation in the geostatistical water quality parameters was analysed downwards the depth of wells (along the Z-axis), using the directional semivariogram function γ(h) and next the ordinary (block) kriging technique. The theoretical basis of the geostatistical methods can be found in the scientific works, e.g., [1] , [3] , [5] , [15] - [17] . The analyses were preceded by the evaluation of the statistical parameters, i.e., basic statistics and the investigation of the correlation coefficients r between the underground water quality parameters.
Selected results of the spatial analyses performed were presented in the EGU 2016 European Geosciences Union -General Assembly, Austria Center Vienna (17-22 April 2016) , at the Session HS3.2/NH1.26 "Spatio-temporal and/or geostatistical analysis of hydrological events, extremes, and related hazards" (Thursday, 21 Apr. 2016).
EVALUATION OF BASIC STATISTICS OF UNDERGROUND QUALITY PARAMETERS IN KŁODZKO WATER INTAKE AREA
An increased concentration of Fe ++ content in some wells occurred. All water samples contained elevated Mn ++ content, many times exceeding the permissible concentrations in water intended for human consumption [2] , [6] , [12] . Water samples from the wells tested were characterized by higher content of Mn ++ than Fe ++ in some subareas (central part of the study area) and other subareas had to deal with the opposite situation, i.e., with higher concentrations of Fe ++ than Mn ++ , moreover also high values of pH potential in the same location area.
Exemplary base maps for some of the water quality parameters, namely Fe ++ content, Mn ++ content and saw; project "Water" (2011) (2012) (2013) (2014) (2015) (2016) The basic statistics of the underground water quality parameters, such as minima X min , maxima X max , averages , X standard deviations S and variation coefficients V, were evaluated on the basis of the data for the 14 wells and then the 14 wells, including the 3 piezometers (Tables 1-2) . For comparison, also the estimates of the statistical parameters of Fe ++ content and Mn ++ content, which were presented in earlier papers [7] - [10] , [13] , [14] , are included in Table 1 .
In the underground water coming from 14 wells located in the area of the intake Kłodzko, studied on 15.11.2011, there were found the limit permissible values by min, max values and average contents of manganese Mn ++ , as well as the max and the average content of iron Fe ++ and as the max NH 4 + ion content approaches the limit value of this parameter (Table 1) .
However, in the 3 piezometers made in water intake area in Kłodzko on 23.01.2012, extremely high Fe ++ content was recorded, which refers to the min, max and average of this parameter (Table 2 ). These statistics of Mn ++ content also greatly exceed the limit values of this element. There can be observed extremely higher pH of the water analyzed for 3 piezometers (Table 2) , compared with the results of chemical analyses concerning the 14 wells (Table 1) . The results discussed above confirm the results of the calculations of statistical parameters, carried out for a total of 14 wells and 3 piezometers (Table 3) .
Generally it can be said that in the Kłodzko water intake area there are significant exceedances of the permissible value by the Fe ++ and Mn ++ contents in groundwater. Other water quality parameters did not exceed the admissible values.
The results of chemical analyses of water pH, determined for the 14 wells located in the study area of water intake in Kłodzko, give evidence of water acidic pH ( Table 1 ). The results of chemical determinations of water pH performed for the 3 piezometers occurring in the central part of intake area i.e., min, max and the average indicate an alkaline pH ( Table 2) (Fig. 2c) , which may be related to the agricultural potential, the use of these areas. When the evaluations of basic statistics are made jointly on the basis of data from 14 wells and 3 piezometers, then the pH redox potential value of max shows alkaline pH (Table 3 ). The temperature C reaches the average value approximating 8 degrees, not exceeding 9.8 (Table 1 ).
An analysis of the values of the coefficients V of the particular quality parameters for the 14 The evaluations based on the determination of the water coming from the 14 wells and the 3 new piezometers carried out in the time of 22.01.2012 -23.01.2012 (Table 3) , corroborate the results of the calculations done using the database containing only data for the 14 wells (Table 1) .
The estimates of the basic statistics of the underground water quality parameters for the Kłodzko water intake area, based on the data for the 14 wells (Table 1) and jointly the 14 wells and the 3 piezometers (Table 3) , indicate an extreme variation in Fe ++ content, a great variation in Mn ++ content and very small variation in potential pH (Tables 1-3) .
The variation coefficients V calculated on the basis of the data for solely the 3 piezometers indicate a small variation in Fe ++ content (17%) and an average Table 4 contains the mean values of the particular quality parameters calculated with and without the data for the collecting siphon well taken into account, assuming a similar sample size [6] . It emerges from the comparison that the respective values of the parameters are identical or the differences between them are statistically insignificant (negligible). This also applies to the Fe ++ content and the Mn ++ content in the underground water (Table 4) . Thus the inclusion and exclusion of the data on the water quality parameters for the collecting siphon well in/from the analysis has no effect on the estimates of the basic statistics.
For the chemical determinations (collected in the databases) of the underground water quality parameters carried out on water samples taken from the 14 wells and the 14 wells and the 3 piezometers the outliers are presented in Table 5 . No outliers were found for only two water quality parameters, i.e., Fe ++ content and pH potential, analysed in the 14 wells (Table 5 ).
DISTRIBUTION HISTOGRAMS OF UNDERGROUND WATER QUALITY PARAMETERS IN KŁODZKO WATER INTAKE AREA
The histograms of several analysed variables, i.e., water quality parameters were calculated, some of them are presented below (Figs. [3] [4] [5] [6] [7] [8] . There can traced diversified shapes of these histograms.
The variable range is divided into iso-width classes. To each class is associated a bar whose extension (along the vertical axis) is directly proportional to the frequency of the class, that is the percentage of samples whose value belongs to the class [15] . The minimum and maximum values are also the boundaries of the graphic representation along the horizontal axis. The vertical axis is scaled on the class with the highest frequency to be displayed.
Generally, the distribution histograms of some of the analysed parameters, plotted on the basis of the data for the 14 wells or 14 wells + 3 piezometers, are strongly asymmetric (single-winged), with lower or higher frequency classes occurring (Figs. 3, 6, 7) [6] . This type of distribution characterized such parameters as Fe ++ content ( Fig. 3) , ammonium ion NO content (Fig. 7) . The histograms of the other investigated parameters are bimodal, as e.g., manganese Mn ++ content (Fig. 4) , also phosphate anion 3 4 PO  content (Fig. 8 ) or multimodal for pH redox potential ( Fig. 5) . Moreover, there can be observed unimodal type of distribution as in the case of temperature C and bimodal for total organic carbon (TOC) [6] . Also the shapes of the distribution histograms for the 3 quality parameters calculated using the data for the 14 wells (year 2011), including data coming from the 3 piezometers (year 2012) located in the Kłodzko water intake area, were studied [6] . The distribution histograms of Fe ++ content, Mn ++ content and pH potential were calculated taking into account the data for the period 15.11.2011-23.01.2012.
The Fe ++ content histogram is asymmetric (single-winged) and includes secondary classes of high Fe ++ content values, but the percentage of these classes is low (Fig. 3) , in contrast to the Fe ++ content histogram calculated on the basis of data from the 14 wells [6] . The Mn ++ content histogram is bimodal (Fig. 4) while the pH distribution histogram is multimodal (Fig. 5) .
The distribution histograms of the investigated quality parameters are characterized by a smaller or greater positive skewness coefficient g 1 , except for the pH potential histogram, exhibiting slight negative skewness g 1 (Tables 6, 7 In the next stage of the investigations the correlation r between the original values of the particular underground water quality parameters, taking into account the data obtained from the chemical analyses carried out on 15.11.2011 for the 14 selected wells located in the Kłodzko water intake area, was studied [6] , [10] , [14] .
The scatter diagram allows the plotting of a scatter plot between any pair of variables among the selected ones, that is the representation of two variables in an X-Y diagram [15] . Each sample, where both variables are defined is represented by a symbol whose coordinates correspond to the values of each variable. The two variables of the pair do not play a symmetrical role. The target variable (Y) is displayed along the vertical axis, whereas the horizontal axis corresponds to the conditioning variable (X). The linear regression Y/X was drawn in scatter plot (the regression line of the target variable Y as a linear function of the conditioning variable X).
A correlation coefficient has been determined, according to the formula expressed below 
N -the total number of points, Z i -the value of the variable at a given point, w i -the weight assigned to a given point (sample), w z  -the weighted standard deviation.
The exemplary scatter diagrams of water quality parameters, shown in Figs. 9-16 , with plotted regression lines, illustrate the interdependences between the values of some of the water quality parameters for which a distinct correlation became apparent and higher coefficient values r were obtained. Geostatistical analysis of space variation in underground water various quality parameters in Kłodzko water intake area...
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The highest positive correlation coefficients r values were found between respectively: Fe ++ content and ammonium ion
NH content (r = 0.89) (Fig. 9 ), Fe ++ content and Mn ++ content (r = 0.68) (Fig. 10 ), Fe ++ content and total organic carbon C (r = 0.69) (Fig. 11) , Mn ++ content and total organic carbon C (r = 0.69) (Fig. 12) , Fe ++ content and temperature C (r = 0.71) (Fig. 13) , ion
NH content and temperature C (r = 0.85) (Fig. 14) , ion
NH content and phosphate 3 4 PO  ion content (r = 0.76) (Fig. 15) .
It can be noticed that very high correlation coefficient value r was obtained for the correlation between Fe ++ content and pH for 14 wells and 3 piezometers r = 0.842 (Fig. 16) . High values of Fe ++ content and pH were observed in the same places in the middle of the study area, showing a character of underground water environment (Figs. 2a, 2c) .
A slightly weaker, but distinct, positive correlation coefficients r values were found between respectively: Fe ++ content and phosphate anion 3 4 PO  content (r = 0.60), anion 3 4 PO  content and temperature C (r = 0.61), temperature C and pH redox potential (r = 0.64) [6] . The observed relationships between individual quality parameters, first of all Fe ++ content, 
ANALYSIS OF DIRECTIONAL SEMIVARIOGRAMS OF UNDERGROUND WATER QUALITY PARAMETERS IN KŁODZKO WATER INTAKE AREA
In order to estimate the spatial variation of underground water quality parameters geostatistical methods were used, such as the variogram function and then estimation technique -ordinary kriging [1] , [3] , [5] , [15] - [17] .
Empirical variogram describes correlation of the studied variables, i.e., underground water quality parameter values over an area considered (in 2D, 3D). In practice most often applied empirical measure of variability is semivariogram, determined and represented by the following formula [17] : Various analytical functions, named "geostatistical models" can be used for the approximation of empirical semivariogram courses [1] , [3] , [5] , [15] , [16] . Theoretical semivariogram is a characteristic of topoprobabilistic model which is usually referred to as a semivariogram, for short. In geostatistics, the representation of a regionalized variable by a random function is a topoprobabilistic model (any approach using the notation of probability to describe a phenomenon varying in space).
A semivariogram is a measure traditionally defined as half of the quadratic mean of the difference between two values of a measurable characteristic (the regionalized variable), separated by approximately distance h (vector h). A variogram is equal to twice the semivariogram. Half of the variogram of order 2 is the semivariogram. Variogram is sometimes used as a synonym for semivariogram.
A spherical model is a commonly applied model of variogram of the following shape: almost linear rising, increasing up to a certain distance, but stabilizing [17] . This model is determined by real (actual) range of influence of variogram a, a positive value of part of sill variance C, and nugget variance C 0
Different geostatistical parameters of fitted theoretical models such as total sill variance C, nugget effect C 0 and range of influence a have been determined.
The C 0 nugget effect is a visible discontinuity in the course of empirical semivariogram (at the starting point of the graph γ(h) [1] , [3] , [5] , [15] - [17] . The effect C 0 is the variation process' random factor. This effect is caused by measurement errors or micro-nest structures smaller than the sampling distance, or by both causes. At the beginning of the semivariogram graph the value of function γ(h) is always 0, however, in the absence of C 0 effect it aims to a positive value of C 0 , significantly greater than 0. C 0 effect indicates the presence of the effect on the occurrence of local variation, which means rapid fluctuation in the quality parameters under study.
The total sill variance C is the upper limit of the adopted variogram model, possible to achieve at long distances, for the large arguments transitive variogram type [1] , [3] , [5] , [15] - [17] . The C 0 effect and partial variance C taken together give the total sill variance C that represents the overall variation of the analyzed variable.
The range of influence a for a spherical model variogram is the distance at which the model reaches its maximum -the sill variance C [1] , [3] , [5] , [15] - [17] . The range a means that up to this distance there is a measurable correlation with adjacent sample values.
As part of the structural analysis the courses of the directional semivariograms (D-90) of 8 underground water quality parameters were examined downwards the wells depth in the Kłodzko water intake area (Figs.  17-22) . The semivariograms had been calculated on the basis of the results of the chemical analyses of water samples taken from the selected 14 wells, including the siphon well, located in the water intake area, carried out on 15.11.2011 [6] . The shapes of the directional semivariograms determined for the 14 wells selected from among the 22 wells located in the water intake area were studied [6] , [10] , [13] , [14] . The database established for the 14 wells in November 2011 was expanded to include additionally the results of the chemical analyses of the water samples taken from the 3 piezometers in the Kłodzko water intake area carried out in January 2012 [6] .
Periodic variation can be discerned in the three semivariograms: of Fe ++ content and Mn ++ content [6] and also ammonium ion NH content (Fig. 20) . A less distinct regularity, i.e., merely a tendency towards periodic variation, can be discerned in the semivariograms of nitrate anion  3 NO content (Fig. 21) , phosphate anion 3 4 PO  content (Fig. 22) and total organic carbon C (TOC) [6] . A strong growing variation trend is evident in the directional semivariogram of pH potential (Fig. 19a) , indicating distinct directional changes in this parameter along the depth of the wells. A similar tendency, but weaker, is visible in the directional semivariogram of temperature C [6] .
Also the directional semivariograms of three underground water quality parameters, i.e., Fe ++ content (Fig. 17) , Mn ++ content (Fig. 18) and pH (Fig. 19b) , determined on the basis of samples coming from the 14 wells including the 3 piezometers in the period of 15.11.11-23.01.12 were analysed. However, no distinct regularities in the variation of the parameters along the wells depth can be discerned in the semivariograms. A very strong short-periodic variation in function γ(h) is observed. The most distinct changes of this kind are observed in the semivariogram of Mn ++ content (Fig. 18) [9] , [10] , [13] , [14] . Generally, it is supposed that the quality of both the network water and the treated water can be the resultant of the quality of underground water in the Kłodzko water intake area, i.e., of the changes in Fe ++ and Mn ++ content taking place in the years 1977-2012 [11] , [12] . In the analysed shorter period (2007-2011) towards 2011 a clearly downward trend in Fe ++ content in Kłodzko water supply system, accompanied by a tendency towards periodic variation, became clearly apparent [11] , [12] . The Mn ++ content in the network water was characterized by an opposite behaviour, showing an upward trend in its variation towards 2011. Tables 8, 9 show the values of the geostatistical parameters of the theoretical models adopted to approximate the courses of empirical semivariograms of the water quality parameters.
The directional semivariograms of the quality parameters of the water coming from the 14 wells were approximated with a single spherical model and in three cases with a composite model being a combination of respectively two spherical models and the nugget effect, a spherical model and the nugget effect or a spherical model, cubic model and the nugget effect ( Table 8) .
The very short influence ranges a of the semivariograms of Fe ++ content, Mn ++ content [6] and ammonium ion  4 NH content (Fig. 20) are conspicuous. Longer ranges a are observed in the semivariograms of nitrate ion  3 NO content (Fig. 21) , total organic carbon C and temperature C (Table 8 ) [6] . A particularly long range of influence a is visible in the pH semivariogram (Fig. 19a) . No nugget effect C 0 was found in the Fe ++ , Mn ++ [6] ,
NO (Figs. 20-21 ) and temperature C semivariograms [6] . The C 0 effect occurred in the semivariograms of water pH (Fig. 19a) , anion 
PO
 content (Fig. 22) and total organic carbon C [6] , which is evidence of a marked variation in the values of these parameters along the depth of the wells. The directional semivariograms of the three quality parameters: Fe ++ content (Fig. 17) , Mn ++ content (Fig. 18) and pH (Fig. 19b) , determined on samples from the 14 wells and the 3 piezometers over the very short test period of 15.11.11-23.01.12 were analysed. The semivariograms were approximated using a composite model consisting of the two spherical models and the nugget effect (Table 9 ).
There can noticed the relatively long ranges of influence a of semivariograms of Fe ++ and Mn ++ content in groundwater (Table 9 ), in comparison with the results obtained, taking into account the data related to the 14 wells, i.e., showing extremely short ranges a (Table 8) . However, in these conditions resulting in very short ranges a of pH semivariograms (14 wells + 3 piezometers) ( Table 9 ), compared to very long ranges a of pH semivariograms calculated using data deriving from 14 wells (Table 8) . 
RESULTS OF ESTIMATION OF UNDERGROUND WATER QUALITY PARAMETERS IN KŁODZKO WATER INTAKE AREA USING ORDINARY KRIGING TECHNIQUE
Estimated averages Z* and standard deviation of estimation  k in the block centres of a 3D grid covering the Kłodzko water intake area were estimated using ordinary (block) kriging [1] , [3] , [5] , [15] , [16] .
In the estimation procedure the ordinary kriging was used, which serves to estimate the average Z * in a point location (ordinary point kriging) or in the centre of a block (ordinary block kriging) [1] , [3] , [5] , [15] , [16] . This technique allows us to estimate the point or block average in a node of the elementary square or rectangular grid (block centre) as the weighted average Z * , calculated on the basis of values measured in its local neighbourhood, i.e., in the sample search area (moving neighbourhood), for the centre of an ellipse or circle placed in the node within the block or of all available values occurring in the study area (unique neighbourhood). At the same time, with each estimated average Z * (kriging estimate), the standard (kriging) estimation deviation  k or kriging vari-
Weighted (moving) average Z * is estimated using the following formula where z i -analysed parameter, i.e., underground quality parameter, at point i, for i = 1, ..., n; kriging weighting factor (weight) assigned to sample i.
With the so called kriging system of equations (estimations) [1] , [3] , [5] , [15] , [16] it becomes possible to determine the weighting factors w ik , assigned to data sampled within an estimated area and in its vicinity. Then they allow us to calculate the average error, called kriging error, the variance of which is given by
where w ik -kriging weighting factor (weight) assigned All results of the conducted estimation of the underground water quality parameters are presented in the same Tables 10-11 , in order to compare the results related to data coming from the 14 wells (year 2011) and jointly from the 14 wells and 3 piezometers (years 2011-2012), and moreover the data are connected with the period of the years of 1977-2011 [6] , [10] , [13] .
The highest coefficients of the variation coefficients V of estimated averages Z * were obtained for NH content (Table 10 ). In the case of the other parameters, coefficients V were low, reaching the lowest values for temperature C and pH.
The highest average values ( X ) of averages Z * of iron Fe ++ content (max value of Z * and average X of Z * ) were obtained if basic statistics had been taken in the calculations, including additional data deriving from 3 piezometers (a total of 14 wells and NH anion content (Table 11) .
The high values of coefficients V are due to, among other things, the short-term changes in the investigated parameters, evident in the vertical direction (along the wells depth), and difficulties in selecting appropriate analytical functions for the directional semivariograms.
The highest values of min and max of st. deviation of  k , as well as, the average value X , st. deviation and coefficient of variation V for iron Fe ++ content were obtained for the variant of calculation, comprising 14 wells and 3 piezometers (Table 11 (Table 11 ). The max value Z * , average X , st. deviation σ k and coefficient V for pH are higher if the calculations have been performed taking data from 14 wells + 3 piezometers into account (Table 11) .
The results of the estimation based on the data for the 14 wells (first variant of the study) and next 14 wells + 3 piezometers (second variant of the study), by means of ordinary kriging are evidence of the existence of levels of elevated values of the different underground water quality parameters (Figs. 23-28 ) [6] , [9] , [10] , [13] , [14] .
In (Fig. 24) .
The maximum estimated averages Z * of ammonium ion 
PO
 /m 3 ) in the underground water occur mostly in the S and SW parts and less often in the E and SE parts of the water intake area at the elevation of 290.55 m a.s.l., at level 50 (Fig. 27) .
The maximum estimated averages Z * of total organic carbon C (1.25-1.35 gC/m 3 ) in the underground water occur mostly in the SW and S parts and less often in the E and SE parts of the water intake area at the elevation of 291.45 m a.s.l., at level 60 [6] , [14] . High averages Z * of carbon C (1.20-1.27 gC/m 3 ) were also found at levels 30 (288.73 m a.s.l.) and 50 (290.55 m a.s.l.).
In the first variant of the studies the maximum estimated averages Z * of underground water pH occur in the N and S parts of the water intake area at elevations of 290.55 and 292.36 m a.s.l. -at levels 50 and 70 (6.63-6.73 and 6.53-6.63 pH) [6] . In the second variant of analysis two levels of elevated averages Z * of pH are observed at levels 60 and 70, more outlined upper level with values ranging from: 7.2-7.3 and 6.9-7.2 (293 m a.s.l.) and lower weakly delineated (290 m a.s.l.), with values of pH 6.9-7.2 (central and SW part of area) (Fig. 28) The maximum averages Z * of underground water temperature C (9.1-9.3 C and 9.3-9.5 C) occur in the N, NE and S parts of the intake area at the elevation of 290.55 m a.s.l., at level 50 [6] , [14] .
The results of the estimation based on the data for the 14 wells and the 3 piezometers, by means of ordinary kriging, indicate the occurrence of depth levels with elevated (increased) values of the three water quality parameters, thereby extending and specifying the knowledge of their variation for Kłodzko water intake area [6] , [10] , [13] , [14] . 
RECAPITULATION
The levels of pollution of groundwater aquifers were determined and characterized in area around the town of Kłodzko and in the vertical profile of the wells analysed, according to the depth of the wells.
It was found that the greatest impact on groundwater quality had the kind of land development located near the wells. At the most important values of indicators of chemical composition, found in the underground water in some wells, it can be influenced the proximity of land used for agriculture and the smallest output (efficiency) of these wells.
For The adopted (3D) geostatistical model enables researchers and practitioners to determine averages Z * (together with estimation standard deviation  k ) in the individual nodes of the 3D grid covering the area of the Kłodzko Catchment and at selected points of the area. The content of the databases used to construct the 3D model enables one to estimate averages Z * , modelling of their variation and so to analyse the quality of underground water in an area defined by researchers and users.
CONCLUSION
A hydrogeochemical model of the Kłodzko Catchment in the Kłodzko town underground water intake area was developed. Thanks to the 3D geostatistical model of the variation in water quality parameters it was possible to precisely characterize this variation in the whole water intake area under study consideration in the years 2011-2012, analysed for the years 1977-2012. Spatial analyses showed different behaviours of the water quality parameters and certain regularities in their variability
Mostly there can be noticed a very strong shortperiodic variation in semivariogram function γ(h) values of water quality parameters, expressed along the wells depth, rarely more distinct or even directional variation.
The essential water quality parameters are: Fe NH content. These parameters should be continuously monitored out of concern for the health of the local population (of inhabitants, animals and plants).
Based on the estimation carried out using ordinary kriging and data for the 14 wells and for the 14 wells and the 3 piezometers it was possible to identify levels with elevated water quality parameters. The maximum averages Z * of the parameters would be found mostly at levels 50 and 60 and less often at levels 60 and 70, within the terrain elevation range of 290.55-292.36 m a.s.l., mostly in the SW part and less often in the N, NW and NE parts of the Kłodzko water intake area.
Owing to the enrichment of the databases with the results of the chemical determinations of Fe ++ , Mn ++ and pH carried out for the 3 piezometers, it became possible to obtain a more accurate picture of the concentration of the elements (14 wells + 3 piezometers) and so to verify the results obtained previously only on the basis of the data for the 14 wells, chosen from the 22 wells.
The results of the spatial analyses carried out for the Kłodzko water intake area in the years 2011-2012 add to the previous picture of the variation in the water quality parameters, related to years 1977-1999.
The results of the geostatistical studies can well be used in further spatial analyses to describe the state of water quality.
